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ANALYTICAL METHOD AND APPARATUS FOR BLOOD USING NEAR 
INFRARED SPECTROSCOPY 



BACKGROUND OF THE INVENTION o 



L Field of the Invention 

The present invention relates to an analytical method and apparatus using a 
near infrared (NIR) spectroscopy which determine chemical compon(^m and 
physicochemical characteristics (hereinafter referred to as ^'object characteristics") of u 
^^blood such as red blood cdlsi hematocrit, hemoglobin^ total protein, total cholesterol 
and blood sugar, ^.^Jt 
2. Description of the^orlArt 

In the ^rio^ ait, the collected blood has been separated into blood plasma and 
red blood cells by centrifugal separation, and the blood pbsma which its the supernatant 
liquid has been analysed by an automatic blood analyzer and the like to determine the 
15 object characteristics of the blood- 
Simple analytical methods which are disdased in the National Publication of 
the Trarislated Version of PCX >^jplication Nos. Hei 5-506171 and Hci 7-503863 are 
also known. 

According to these methods, it is possible to determine the components of the 
20 blood, e.g. glucose concentration in the blood, by applying near infrared light to a finger 
or an ear to measure a reflectance spectrum without collecting blood firom the human 
body. 

The method for separating the blood into blood plasma and reJ blood cells to 
automatically analyze the blood plasma that is the supernatant liquid is lacking in 
25 promptness. Such analysis not only requires the use of many reagents, but also a great 
deal of skill. It is therefore a problem as an analytical method of the blood carried out 
on site by an unskilled operator. 

On the other hand, the methods that have been disclosed in the National 
Publication of the Translated Version of PCT Application Nos. Hei 5-506171 and Hei 
30 7-503863 are simple, but the blood is not measured directly, Accordingly, much noise is 
generated and there is a problem in measurement accuracy. 
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It ifi therefore an object of tho present invention is to provide an analytical 
method and apparatus which can simply and precisely cany out an analysis of the object 
characteristics of the blood. 

To attain the above-mentioned object* according to the present invention* an 
analytical method oiErWooa i$ provided, which comprises the steps of' applying near 
infrared li pfat |^ the bloo£ ina translucent blood collection tube or bag from ^^^ide/ J^Jt^Jeoaf^ 
throu^^ej blood^Uection!|^ttbe or baS |(dletectin g|^difFtisely reflected lightj^^gely / ^r^^^ 
transmitted Ugh^or diffusdy traii^niittid and reflected li^^from the '^'^^^^^^Jj^j^^*^^ 



collection ^be ox baSj^sinl an optical^s^sor to measure a near infrared absorption 
spectrum of the blood, and ^eplacinill^e measured /^alue with a value obtained from) a fs^<-^^ 
calibration equation which has beenpiaddm advance from a spectrum measured using 

^amt^ melhod as afaov^ thereby determining'^^ object characterisdc^of the bloodf^ so^fl^ 
According to conventional near infrared spectroscopy, near infrared light in a 
wavelength range of HOOnm - 2500nm has been used It therefore necessary to 
prepare a special crystal sample cell with an optical path length of OA - 2mm. 
operations such a$ cleaning, drying and filling of Ihe^samplc are therefore troublesome 
and require time. Further, because of the narrow optical path lengthy non-miifbnnity of 
the sample and existence of impurities have a great influence on measured results. 
However, even in the ca&c of near infrared lights if near infrared light in a short 
wavelength range of 700nm - llOOnm is used, its penetration forte is 10 to 100 times as 
large as that in a long wavelength range (llOOnm - 2500nm). Accordingly, when the 
near infrared light in the short wavelength range is used, the Optical path length can be 
maintained at a level of 1 - 2cm and the blood analysis can be carri^dTnirwith the bXooA gff/^\Jc/ 

contained inS^iWooa collection^ube^bag> ^eceph^cf^ ^ i/t4n^ ±^ 

When ihe near in&ared light is applied to an object (the bloody only a specified 
wavclcngdi light is absorbed in proportion to the numbCT of molecules out of various 
molecules contained in the object The wavelength of the light absorbed varies wilh Ih^ 
structure of the molecule (kind of molecule). The blood contains various kinds of 
components and generates a complicated absorption phenomenon in which absorptions 
overlap. The near infrared absorption spectrum is obtained by plotting the absorbance 
(i.e. the degree to which the light is absorbed) against wavelengths* 

lb conduct quantitative analysis by using this near infrared absorption 
spectrum, a regression equation (a calibration equation) that relates a value of the object 
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characteristics (the conctwitraticm or the characteristic value) to spectrum data is 
required. Usually^^e spectrum of a sample of which the value^of the object 
characteristics |s| known is measured. Based on Ihe spectrum data and the object 



characrerlstlcs value, the calibration equation can be made by a cbemometrics technique 
0 such as multiple linear regression (MLR), principal component rcgressloT) (PCR) and 
PLS regression (PLS), 

Further! to attain the above-mentioned object, according to the present 
invention^ the apparatus for blood analysis is provided, which comprises a block 

provided with a housing portion for a translucent blood collection (jube or bai a near / 

^ ^ 

10 infirared apparatus provided with a spectroscope for dispersing near infrared ligbtlmd an (' /t9> 
optical sensor for detecting the near infrared light from a source of light or ^lightl&om ^ 
ttV^Smple, light conduction means for conducting the near infrared light emlttcd.from the 
light source or the spectroscope to the blood collection jhibe or baj|wirthin 

porticgijpd for conducting, directly or through the spectroscope, diffusely reflected ^ \ec^ 
15 ligh^jdiffbscly transmitted light^br dijEfusely frMsmitgd and reflected figh^JCramlhT^ ^ ^ 
Coi^Uy^^ blood^within the blood collection Itubc or bag! to the Optical sensor, and control meanf? 0 
tor outputtmg a measurement command ot a spectrum'to tne near infiSea^paTutus end 
for [replacing the measuj^ed^jp with a vdue-^taSSed tro^f^ calibration equation 
which has been j^adej^n^advance, thereby computing object characteristics (chemical 
20 components or physiochemical charact^siics) of the blood^ be measur^!f^^-f*'»'*'\^^ 
As the light source^ it is preferable to use a metal halide lamp (a white light 
source) such as a tungsten halogen lamp because of its high intensity. A diode array is 
considered preferable as the optical sensor because it is easy for the diode array to be 
compacted and there is also some possibility that the diode array will bo widely used 
25 Crom now on. 

Further, when the monochromatic near infrared ligjht is used as the light source, 
it is preferable to use a silicon detector or a lead sulfide detector that is commonly used 
as the optical sensor 

As the light conducting means, it is preferable to use an optical fiber (a single 
30 fiber) or an optical fiber bundle (a bundle of optical fibers)* 

It is also possible to reali2e a high precision measurement if the block is 
provided with a temperature control means for stabilizing the bloo^^i^Ihi the blood 
coUection^be or ba^af a^rt^ei^m temperature. 
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BRIEF DESCRIPnON OF THE DRAWINGS 

Hie above and other objects, features and advantages of the present invention 
will become more apparent iaxwn the following description when taten in conjunction 
with the accompanying drawings. 

Fig. 1 is a general view of one example of an apparatus for carrying out an 
analytical method for blood oooordiog to the present invention; 

Fig, 2 is a partially enlarged cross-sectional view showing a condition in which 
the apparatus analyzes a reference material: \of a ppc of P^e. ap/^^rej-^ ^ 

Fig. 3 is a partially enlarged cross-sectional view^howing a condition in which 
the apparatus analyzes the blood; \5j ^'> Ic^r -h f^,<^ Z.^^A , 

Fig. 4 is a^ie^^wng a near infrared absorption spectrum of arterial blood 
and venous blood measured by a diffuse transmittance method; 

Fig. 5 is a ^ie^^fe^tfillbe near infirared absorption sp ectrum of venous bloa d^— — — -? — ^--^ 
measured by a diffuse reflectance method; Cpt^ph ca^^pinr,/,^ />^eM>ore cA(r<ifi(ea\ 

a^icw showing an example of measurement ^hemoglobin (Hb) of _ / m 

the blooa)by a n«ir inirared spectroscopy; and ^.^y^^Ctf/'-^/'ja ■/^'P^ /ni^^ /?'e>ry <^ ^ '^Ac«£) 
^j^jjj^ 7 IS afeew showing an ^cagipfarSfme asureme^if h^tooTO lET-— ^^^-^^^^^ 



blood^ear infrared spectroscopy^ T^i^^^TT^^i;;^^ 

DETAILED DESCRIPIION OF THE PREFERRED EMBODIMENT^ 

A preferred embodiment of the present invention will now be described with 
reference to the accompanying drawings. Fig. 1 is a general view showmg one example 
of an apparatus for carrying out an analytical method of blood aocordina to the present / 

25 invention. Kg. 2 is a partially enlarged cross-sectional yio^ t l^ ^ms^^'l^^h^ m^^ 
whidi the apparatus analyzes a reference material and Fig. 3 is a partially cnlaraed 
cross-sectional vieSTsnowmg a contiiuon in which the apparatus analy««5s the blood. 

An analytical apparatus for carrying out an analytical method of blood of the 
present invention is, as shown in Fig. 1, provided with a dispersive type of near infrared 

30 apparatus 1 and a computer 2 to control it. The near Infrared apparatus 1 is provided 
therein with a spectroscope for dispersing a near infrared light and an optical sensor for 
detecting the near infrared Ught from a white light from a source of Ught. An 
alumtnum^adejblock 3 is attached to the near infrared apparatus 1. 
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This block 3 is formed with a housing portion 5 which can contain a blood 
collection tube 4 therein. The upper surface of the housing portion 5 is open and a cap 6 
is arranged to prevent light from entering this open portion. 

One end of an optical fiber 7 is connected to the spectroscope which is 
provided within the near infrared apparatus 1 and the other end thereof faces the inside 
of the housing portion 5* One end of an optical fiber 8 i$ connected to the optical sensor 
provided within the near infrared apparatus 1 and the other end thereof faces a position 
opposite to the other end of the optical fiber 7 on the inside of the housing portion 5. 
The optical fibers 7and 8 are protected by a bellows tub^ 9, 

Provided under the block 3 is a heating apparatus 10 such as a panel heater for 
stabilizing the blood widiin the blood collection tube 4 at a predetermined temperature, 
A controller 11 is arranged to control this heating apparatus 10. 

A spectrum measurement procedure for a blood sample using A© analytical 
apparatus stated above will now be explained. 

First, a ceramic plate 12 which is a reference material for spectrum 
measurement is set within the housing portion 5 of the aluminum block 3 and^Ji^ 
shielding cap^is set to cover the housing portion 5. The computer 2 is then operated to 
measure the transmitted light intensity of die ceramic plate 12. Namely, the 
monochromatic near infrared light in a range of 700nm - UOOnm from slits of the near 
in&arcd apparatus 1 is applied to the ceramic plate 12 through the optical fiber 7. The 
light diffusely transmitted through the ceramic plate 12 is detected through the optical 
fiber 8 by the optical sensor provided within the near infrared apparatus 1 , 

The near infrared apparatus 1 can scan a predetermined wavelength range in 
about 0.5 seconds. The near infrared apparatus usually repeats the scan about SO times 
and the measur^nents are averaged to obtain the transmitted light intensity of the 
ceramic plate 12 at each wavelength. 

Next, in place of the ceramic plate 12, the blood collection tube 4 containing a 
blood sample adjusted at a predetermined temperature by a water bath and the like is 
inserted into the housing portion 5. The transmitted light intensity of the blood sampl^^ 
is then measured using the same procedure as above. 

Tlie absorbance as shown by a formula (1) is computed by the computer 2 and 
a so-called near infrared absorption spectrum in which die absorbance has been plotted 
against wavelengths is displayed on the screen of the computer 2. 



A(A)-log{Er(A)/Es(A)) (1) 
wherein, A ( A ) : absorbance at the wavelength of A mn 

Er ( A ) : intensity of light transmitted through the ceramic plate at 

the wavelength of A ntn 

E5i(A) : intensity of light transmitted through the blood sample at 
the wavelength of Anm 

Fig. 4 show$ the near in&ared absorption spectra of arterial blood and venous 
blood of a goat measured in a difiEuse transmittance method and Pig. 5 shows the near 
infrared absorption spectrum of the venous blood of the goat measured m a dififuse 
reflectance method. An absorption band of waier of 970nm is observed in each 
spectrum. In the venous blood, an absoiption band of 760nm due to reduced 
hemoglobin can be seen* It is not possible to clearly observe the absorption band due to 
the object characteristics, but the information fox the object characterisiics is also 
included in the same spectnu Thus, to extract the information for each object 
characteristic from the spectrum data, a calibration equation that relates each object 
characteristic to the spectmiri data is necessary. 

The calibration equation for measuring the object characteristics of the blood 
sample, e.g* the hemoglobin concentration^ will be described below, 

(A) Prepare at least 100 specimens of blood sample having a wide range of 
the hemoglobin concentration . 

(B) CoUecMhe blood sample^ in the blood collection tube 4 and adjust the 
temperature of the blood collection tube at a predetermined temperature by a water bath. 
Measure the near infirarcd absorption spectrum of the blood sample according to the 
method stated above. Repeat this operation for the number oftS^eSniens. 

(Q Analyze the hemoglobin concentration of each blood sample by^ey^ 
conventional chemical method. ^ 

(D) Input the analyzed hemoglobin concentration in the corresponding 
spectrum data file. 

(E) Divide the spectrum data with the hemoglobin concentration into two data 
sets for calibration and validation. ; r^^^ f) v€^^y 

(F) Cairy out MSG treatment, derivative treatment and the like on the spectrum 
data of calibration set as a pretreatment for the near infrared absorption spectrum as 
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occasion demands. ^ 

(G) Using the pr^treated spectrum data oft^ibration set, prepare a plurality of 
relational equations (regression equations) which can be candidates for the calibration 
equation by a chemometrics technique such a$ MLR> PGR and PLS. 
5 (H) Using the spectrum data of validation set^ which has not been used for 

calibmtion, evaluate the performance of the relational equations made in the preceding 
paragraph by standard error of prediction (SEP). Adopt the equation with the smaUest 
SEP as the calibration equation at the time of the tontine analysis. 

Table 1 shows a result of the PLS using the second derivative spectra of the 
10 blood measured by the difftise reflectance method. 

liable l|f 

Results of PLS regression using the second derivative spectra of the blood 



Object aarsujtgiistifS 


F 




__5PC 


S5P.,. 


. Sias 


Hemoglobin (%) 


3 


0.99 


0.26 


0.28 


0.00 


Hematocrit (%) 


3 


0.99 


0.81 


0.86 


0.04 


Oxvfiten (%) 


4 


0.90 


1.95 


2.34 


-0.03 



20 F: Number of factors used in the calibration equation 
R: Multiple comslation coefficient 
SEC: Standard error of calibration 
SEP: Standard error of prediction 

Bias; Difference between a mean value of the values according to a conventional 
25 method and a mean value of NIR values 

The correlation coefficient between an actual value of hemoglobin (Hb) 
analyzed by a known chemical method and NIR measured value is 0.99 and the SEC is 
0.26%, The SEP is 0.28%. In the case of the tx)utine analysis, measurement is made 
30 with the error of this SEP value. 

In the case of the routine analysis, the following calibraiion equation is used to 
measure, for example, the hemoglobin (Hb). 
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Hb(%) = Fl . ql +F2 ■ q2 + F3 • q3 + F4 • q4 (2) 
where. Fi- 2A(A) •Wi( A ) 

Fi : i* factor (where, 1 = 1-4) 

A(A) : Original spectrum of the blood (absorbanoe at A nm) 
Wi ( A ) : i* loading weight (wfaeie, 1 = 1-4) 
qi : i* fcgicssion coefRcient (where, i = 1 - 4) 

The concentraiion of hemoglobin (Hb) can be computed using the fbimula (2) 
froiD absoTbancc in each wavelength because the regression coefficient qi and the 
loading weight Wi (A) are the constants to be detennined according to the object 
characteristics. Quantitative analysis can also be carried out for hematocrit, oxygen, and 
other object chmBcteristics using the same method a$ above. 

Qn thc)/rDuunc on-gita analysis and the like, an analytical procedure for the 
hemoglobin concentration of the blood is as foUowf^ Howev^. •^T'sB^l^i^ed 
15 calibration equation ^l^sfored in the near infrared apparatus 1 or the computer 2. 

(A) The electrical supply of the near infrared apparatus 1 is switched on. After 
the near infrared apparatus 1 is stabilizBd, a reference spectrum is measured miug the 
reference ceramic ^ate 12. 

(B) 6Ti^^blood sample contained in the blood coUection tube 4 is adjusted to a 
20 predetermined temperature by the water bath. 

(C) The blood collection tube 4 containing the blood sample of which the 
temperature has been adjusted is loaded in the housing portion 5 of the aluminum block 
3. nie computer 2 is operated to allow the near infrared apparatus 1 to measure the 
spectrum, 

(D) After the spectrum measurement is completed, the computer 2 computes 
the hemoglobin concentration based on the calibration equation stoit5d therein and the 
spectrum obtained, and displays the hemoglobin concentration on the screen. 

(E) Repeat the operations (B) - p) for the number of samples. Time required 
for the operations of the steps (Q and (D) i$ about 30 seconds. 

^I^Sff'*'^'"^'^*^ '"'''^'A^^y^^' *c known chemical 

method and^^J^vWr valuc^in the event that the contents Of hemoglobin (Hb) and 
hcmatocril of the blood are analyzed by a routine analysis is shown in Figs. 6 and 7, 
respectively. 
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In the above-mentioned embodinoent, the object characterish'cs Of the blood are 
measured using the diflFuse transmittanoc method, but it is also possible to use the 
difeuse reflectance method or the trflnsfleqtance (transmittance + reflectance) method. In 
such a case, the arrangement of the optlcid fiber of couise diffcis ftom the above. 

As dcsaibisd above, according iq the present invention, It is possible to 
measure the object chaiactcristic value^of^JblooWrTBc blood contained ingic(«^n or^mr 
translucent container such as the blood coUectioa tube and bag. Accordingly, it is also ^ 
possible to get the infonnadon about the main components of the bloo'^^S^ ^or} ^ 
_ blood^llectiog With this coostmction. nutritional diagnosis, medical examination or ^ 
the like is realized on the spot 
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Whatisclmmedfa: ^O^^^ 

I . An analytical method of^Mgodusing near infrared spectroscopy comprising the 
Steps of: 

fa) applying light ^ the blood In a translucent blood coUection tube or bag from 
5 thcoutsid^ihroughftti^bloodcoUectioiffubcorbai '^ff^^^^^- /» ^ Sa^pic # 

/t\ T", . hf^oe) Con-fa, Ih %sL rJlC^^^cA^ 
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^.Ir . Con-fa l<r^ Ity rJlC^^ 

(b; ligh^diffdscly transmitted Ugh^or diflEuscly 

lansmitted and reffiSial^^fe^blood^in'^ blood coUection ^be or 
optical sensor to m wsui^^a iiear infrared absoiptS^itojm of the blo^^ 

(c) (feplacinjthe ^^ured^alne with a value obtained ^/^/aZnVqZZv 
which has been ^ad^m ad^^lince f^om a spectrum measured usinj ihe^e method as 
abov3, thereby dctermininl^bject characteristi^jof the blood 



2. The analytical method oMlSr^Ebrding to claim 1, v^herein the wavelength 
of near infrared Hght appUed to the blood in the blood collectionf^ibe or ba^'s 7wSm - 



IlOOmn. 

3. The analj^j 



M ™^^5^'<^^ng to claim 1, wherein the calibration 



equation is ^adcV^i-digm^[& technique gjjch as multiple Unear regicssion 

(MLR), principal' component regTMsron (PGR) and PLS regregsW. 

4, An analytical appal4ti«]oj()1oo3 comprising: 

a block provided with a housing portion for a translucent blood coUection iTube 
or bad; ^ racepit^^Je^ ^ 

a near infrared araaratus provided with a spectroscope for dispersing near / 

infrared lififat from and an on t jga l >tBT,ieftr fr., A^^^i^.! ^^ ^trflr '' ^ ^ 

□t/nom a 



[Cl)(^ib) 

Object 



source of light or a light from a samplji 



Ught conduction means for conducting the near infrared light emitted from the 
light source or the spectroscope to the blood collection §be or ba^4t(ffih?h^sing 
porlipand for conducting, directly or through the spectroscop ^^llr^y^flS d 
Ughyjdiffiisciy transmitted ligh^or diffusely transmitted and reflected lighljfiom the 
blood within the blood coUection/fiibe or ba^ K^fesensor; and / 

control means for outputting a^casurement command of $)5SSn>^to_the 
'^^jfjf "^PP*"^"" forfeplacingl^n^^^ spectpm §ith a value ob^ 
fro^ calibration equadon wWch has been^a^ffl^J^Sg, thereby computingobject 
characteristic^of the blood^ be measure^ ^ 
5. The analytical apparatus ^f[blood according to claim 4, wherein a white light 

10^ ' 



sourec^b a« a tungsten halogen lam^is used as the light source, and a diode anay is 
used as the optical sensor. r / _ ' 

6. The analytical apparatus ^blood according to claim 4, wherein ^ 
monochiomatic near Infrared light Is used as the Ught source, and a silicon detector or a 
lead sulfide detector is used as ibe opiij^sensor, , ^ 

^' ^?oS?p^^^PP^*"'' Wood'^aSSSg to claim 4, wherein the light 
conduction meansgan optical fiber 6 an optical fiber bundl^ 

8. Hie analytical apparahis^f ifef ife^Xng to claim 4, wherein the block is 
provided with a temperature control means for stabilizing the blood the blood 
oollecUon^be or bagjat a predetennined temperature. ^ 
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ABSTRACT Of TH J>/SCLo:4//^e 

^^taonochromaHc near infrared light in a wavelength range of 70^01^ ^ ^ 
llOOnm fifom^thc slit of the near infrart^I apparatus gjis applied to a ceramic plate 
through gij^optioal fibcrgjto measure a transmitted light intensity of the ceramic platc^ 
which ia a reference material for spectrum measurement Next, in place of the ceramic 
plate, a blood <^e«ig^tube|4>ntain^^^^ a blood sample of which^ temperatu«Ihas 
been ^justed^^a pr3fet( " * ^ 



into the housing portion JT^e transmittedlTght intensity 6f the blood sa mple is thus 
measured using the same procedure as abovejA so-called near hifrared absorption 
spectrum in which absorbance has been plotted against wavelengths is^played on the 
screen of the computer 2. Inftwmati^about object characteristica« «tracted from the 
spectrum data using a calibratioaequation^^^ _ /f/V 
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